
UNCLASSIFIED

AD 416614

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED'



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated., furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



THERMAL RADIATION ;&"n

FROM

MISSILE PLUMES AND SHOCKS

SLU

C LL Electro-Dynamics Laboratory

ENGINE_.". RING EXPERIMENT STATION

UTAH STATE UNIVERSITY

Logan, Utah

Monthly Progress Report No. 13

Contract No. AF19(604)-7423

1961 D C

co SEP I 91

Thermal Radiation Laboratory
GEOPHYSICS RESEARCH DIRECTORATE

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
OFFICE OF AEROSPACE RESEARCH

UNITED STATES AIR FORCE
Laurence G. Hanscom Field

Bedford, Massachusetts



Best
Available

Copy



THERMAL RADIATION FROM MX3SLE PLUMES AND SHOCKS

D. J, Baker.,
C. L, Wyatt cA

./ !

Electro-DynarnieLaboratory
LPNG-NZEERING EXPtRLAENT STATI•ON

SI(' UTAH STATE UNMVERSITY
I6gat,, U tah

Larry S, Cole'

Y..ONTHLY PROGRESS REPS'T NO. 13, S - -
-Contract M AF1916O44~%iw443

7/ 15 October"l-'61

Prepared for

Thermal Radiation Laboratory
GEOPHYSICS RESEARCH DIRECTORATE

AIR FORCE CAMBRIDGE RESEARCH CENTER
OFFICE OF AEROSPACE RESEARCH

UNITED STATES AIR FORCE
Laurence G. Hai•scom Field

Bedford. Mas•sachusetts

I
I



I
2l

ABSTRACT

This constitutes Monthly Progress Report No. 13, covering the

period from 15 Septe* . r 1961 to 15 October 1961 under Ar Force

Cambridge Research oratories Contract No. AF19(604) -7423 to

Utah State University. The objective of the research is the develop-

ment and employment of instrumentation for the measurement of the

spectral radiation characteristics of the exhaust plumes and atmos-

pheric shockwaves of high-altitude rockets. Thermal measurements

systems to obtain: spatially resolved plume radiarce data as a function

of wavelength and altitude from rocket-borne Instrumentation pods are

being fabricated, tested and installed.

The prototype system has been completed and was employed in a

static firing test at the missile agency. A second system has been

installed in a rocket "piggy-back" pod at the missile agency. A third

system is complete and will be used as a stand-by system for the

initial launch. A checkout console has been developed for the field

operation of the system.

The development a fabrication status of the subsequent systems

is given, project personnim are listed, administrative action is out-

lined, and purchases are reported. An estimate of the contract fiscal

balance of I October 1961 is made.
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iwvEsT-,Ar~oNs BEhING UNDERTAKEN AND PLANNED

OBJECTIVES

,rhe ohjtowt~e of th-a r-esearch is t~ht- mvestigatlizo of the spectral

~~iiiat~~ox, oha~t-iil f high. altitudo rc.-ket exhaust plumes and

-diaLE-.e' rzit-i 4ý exnfets obtained 4r a se 3is tf rocket -borme e:.per - a-t

A,:ct rdii.g.y, tii-t resear. h, - nzrdiriat-o~i and pLaitning was acy

?1.Liher f-)v Co'- Jejigti; (eve1.opm.!nt. and fal.iricatilor. zif a protr~ype

nctrurrneotw s' yst-Im. i. rocket exhauet spec.trumn awayzer is

ae.ng lesjq-. d whit Y wVi1 I.e capable of w~e-. 3uring thv. rocket exhaust

:.4i-an t~s fi.tiout .f p-39 6", or Ikng-Au~dina! axis, spetctral wvve-

f'-rgth. a 4 c

t. s~ v ~V i ::-..- 1b.-rig &;;ib2 -,atmud and vt-tc-d i r

tittatia -i --cke% a rw ~aft ci ittV.v- natrume:Ytation PC is.

~trIirvr:iint t~d i-:iictio~are be,.Ag i?.ccnporatcd iii the iecc'ud

,,euiýrat (f- A ~etm4 nXit~~ r~talltticz and ,.,,flight checwtou

-vil' bf- a-- e'f-rip'aahed ifl-nr tG the I-aurxbh of etath system. Redution

awli aralyecit )f thei -' t iaib.-ied .`-ozrn these flights wi] be performed.

L-S Cc It .,nd 1). J. Baker, "Thermnal Radiation from Mis sile
Pl---unev ar'1 ýhtt keb MPR No. 6 AFIRD Coitract No. AF19(60(4i)-7423.
Ujta';i Stat'? UTrit-rsity, Lagan. Ut..h, p. 3: MAarch 15, 1961.

Best AvailableCp



4

An attempt is being made to devise the most feasible approach

tr, the rmissile plume xad-ation measurement -rc,-gram. This wild

irujure that all data aukrzed is applicable to 3xisting requirements.

Ftiaaibiitj stnd'es of thl use of ahi interferouieter for backgrould

s&id:es during rmidcourau are beirg performed, and the use of /FCRL

tl.,rz•al dte cors in •xp'iriments dlvz~ng all iota~es of the ro.-ket
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Frequancy Diversity Spectrometer

Texas Instruments Incorporated has desigpwd and built a I*e-

quency Diversity Spectroxmeter which shows promise for application

to on-board inotrumentotinr requirements. It p-sfesses the desirable

featurtei #.,f a siugle detector arnd data tran~sm:ssion zhan•ek plus

siznuitaneous measurement of a rumber cf spectral wavelengths.

The incident radiation is dispersed by priosms or gratings. and

the dispersed spectrum is then focused along the radius of a rftatirg

chopping reicle 7 -Thchopper is designed so that a different chi.pping

frequeny otcurs for each of the desired spectral increments. This

is accomplished by making the number ef w-egments on the (,hopper

a function of its .-adius. Thus, the frequency of modulation

corresponds to wavelength, and the amplitude corresponds to

radiant intensity. Ater the reticle has frequency encoded the

incident irradiance, the energy from all spectral increments is

concentrated onto a single detector. A single amplifier is then

used to drive the telemetry system. Analysis is made on narrow-

band wave -analyzer equipment.

* Beyen, "Proposal to Develop Prototype Spectrometer,

Proposal No. A61-304, Texas Instruments Inc., Dallas, Texas;
Oct.12, 1961.
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Tentative specifications suggested far the Frequency Diversity

Spectrometer are listed.

1) Wavelength range: 0. 2 to 1.0 micron

2) Spectral resolution: 20 increments

3) Chopping frequencies: 1 to I kilocycle*

4) Telemnetry: B3.1 FM-FM Channel 18

5) Field of view: 15 degrees

6) Entrance slit: I by 0. 2 millimneters

7) Detector: multiplier phototube

8) Sensitivity: 2 x 10 9 wtts per channel above 0. 4 microns.
Be t, .flort toward 10 1* watts per channel below 0. 4 microns.

9) Badvridth: 20 cyclesisecond

10) Power input: 20 watts at 28 + 10% volts dc

11) Weight: less than 20 pounds

12) Size: less than 300 cubic inches with no dimension greater
"than 17 inches

13M Altitude: to ZOO, 000 feet

14) Acceletation: lO linear on each axis
l/2 in. double amplitude, Z to 20 cps
+8g. 20 to 2000 cps
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P ER$ONNEL, AD•INISTR&TIVE, AND FISCAL INFORMATION

PER3•ONNEL

The supervisory and technical personnel associated with the

project are listed below. The research and development is conducted

as Project ES-1Z of tLe Electro-Dynaamics Laboratory, Electrical

Enginifering Departmtnt. Engineering Experiment Station. The

Laboratory is adrnmni~tered urnder Dr. Dean F., Peterson, Jr., Dean

of the C,-,lege of F;,?,ireeri.g a-:d Tec:hn1ocgv Dr. Vaughr. E. Han2ern,

Director of the Ev.ineering Experimert Station, and Dr. Clayton Clark,

Chairman of the :nigineering Research Committee at the Utah State

University, all of whom serve without charge to the contract.

Utah State Univerýity Faculty Members

Prof. Larry S. Cole, Professor of Electrical Engineering and Head of
Department, Project Director (115 time)

Dr. Doran J. B~aker, Associate Professor of Electrical Engineering
and Physics, Associate Project Director (9/10 time)

Prof. W. Arzold Finchum, -asistant Professor of Electrical Engineering
(1/6 time '

Research ngineer s

Mr. Clair L. Wyatt, Assistant Research Engineer. Assistant Project
Director (Full time)

Mr. Drard S. Woffinden, Assistant Research Engineer. Instrumentation
Supervisor ýFull time)
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Mr. Fon R. Brown, Assistant Research Engineer (4/5 time)

Mr. W. Keith Mortensen, Assistant Research Sagineer (1/13 time)

Research Physicists

Mr. Louis C. block, Assistant Research Physicist (Full time)

Mr. Roger H. Kleen, Assistant Research Physicist (Full time)

Mr. Ralph D. Briscoe. Assistant Research Physicist ( I Oct 61, 1/2 time)

Mr. Jay W. Phippen, Assistant Research Physicist ( 1 Oct 61, 1/2 time)

Research Technicians

Mr. Lloyd R. Taylor, Chief Technician (l/2 time after I Oct 61)

Mr. W. Lynn Bassett, Electronics Technician (1/2 time after I Oct 61)

Mr. D. Gail Larsen, Electronics Technician (1/2 time after I Oct 61)

Mr. William L. Brown. Electronics Technician (1/4 time)

Mr. Donn C. Goode, Draftsman (1/4 time

Mr. Craig k. Mortensen, Electronics Technician ( I Oct 61. 1/3 time)

Mr. A. Stanley Chiprnan, Electronics Technician (1/10 time)

Secretary

Mrs. Bonnie J. Allred, Stenographer-Typist (I Oct 61. 1/2 time)
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ADMINISTRATION AND TRAkVEL

Administrative action consisted of directing the investigations

of the spe•.ral radiation character, stics of missile exhaust plumes

and atmospheric shock waves, and the development ef instrumentation

for a series of rocketborne experiments. Mail aud telephoue

coznmuniuiations were handled which concerned the technical planning

and coo--dination of the various phapes of the research effort.

V'r. L. C. Block travelled with AFCRL personnel to the facilities

cf ARPA0 Washington, D.C.. from 6 to 7 September 1961 to attend

planning meetings. On ZZ September 1961 0. L. Wyatt travelled to

Texas fnstruments, Inc. , Dallas, Texas, and thence to Cape Canaverdtl

AMR. Florida. to discuss the Freqvency Diversity Spectrometer and

to inbtall the USU instrumentation fo•r launch in Pod 3. Mr. L. R.

Tiylcr travelled to the facillties of #'ipe Canaveral from 4 to 10 October

1954 for equipment installation.
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FISCAL INFORMATION

The contract balance as of I October 1961 is approximately

$ 193, 945.87. This includes all expenditures and encumbrances,

including overhead, from the total contractual aithorization under

AFCRL Contract No. AF19(6041-7423, Modification No. Z.

The following item of equipment was purchased-

1 ea. 0 Power Supply,, Power Sources Model
P94315M, Serial 148, 'USAF 19(604)-7423-
USU 58, $795.00

r

a

S!
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